Surface Acoustic Wave (SAW) Resonator, 
SAW Filter and SAW Antenna Duplexer Using the SAW Resonator 



Field of the Invention 
The present invention relates to a SAW resonator, and a SAW filter 
and an antenna duplexer employing this SAW resonator. 

Background of the Invention 
Recent advances in mobile communication have enabled the devices 
employed therein to become smaller and more sophisticated. The surface 
acoustic wave filter (hereinafter referred to simply as a SAW filter) is widely 
used as a filter in mobile communication apparatuses. SAW filters used in an 
RF (radio frequency) stage comprise two types: a longitudinally coupled type 
and a ladder type. The ladder SAW filter has lower loss than a vertical mode 
SAW filter. The ladder model is formed of a plurality of SAW resonators 
coupled to each other in a ladder form. Thus, the sophistication of the SAW 
filter depends on the sophistication of each one of the SAW resonators. 

A conventional SAW filter is described hereinafter with reference to 
Fig. 15. Fig. 15 shows a plan view of a conventional SAW resonator 1500. 
The SAW resonator 1500 includes an interdigital transducer (IDT) electrode 
1504 formed on a piezoelectric substrate 1502 and reflector electrodes 1514 
disposed on both sides of IDT electrode 1504. 

The IDT electrode 1504 includes a first bus bar electrode 1506; first 
finger-electrodes 1508 coupled to the first bus bar electrode 1506; a second 
bus bar electrode 1510; and second finger-electrodes 1512 coupled to the 
second bus bar electrode 1510. First finger-electrodes 1508 and second 
finger-electrodes 1512 overlap each other, and both first finger-electrodes 



1508 and second finger-electrodes 1512 are arranged such that their 
respective pitches agree with wavelength X of the surface acoustic wave 
(SAW). 

Each one of reflector electrodes 1514, disposed on both sides of IDT 
electrode 1504, is formed of a plurality of strip-line electrodes 1516 
electrically shorted to one another by a common reflector electrode 1518. 
First bus-bar electrode 1506 is coupled to a first terminal 1520, and second 
bus-bar electrode 1510 is coupled to a second terminal 1522. Thus, SAW 
resonator 1500 is formed of a pair of terminals. 

Use of the conventional SAW resonator 1500 in a SAW filter or an 
antenna duplexer does not provide desirable filter characteristics or high 
power durability. Therefore, the conventional SAW resonator has undergone 
a variety of improvements to its structure. 

Fig. 16 shows a plan view illustrating the conventional SAW resonators 
1500 coupled in series, thereby forming a SAW resonator 1530. This 
formation is used for improving the high power durability. SAW resonator 
1530 is formed of two resonating units 1532 and 1534 coupled by a connecting 
electrode 1536 on a piezoelectric substrate 1502. Each one of resonating 
units 1532 and 1534 has the same structure as SAW resonator 1500 shown in 
Fig. 15, and thus the description thereof is omitted. A first terminal 1520 
and a second terminal 1522 are respectively coupled to the bus-bar electrodes 
of resonating units 1532 and 1534. 

If the capacitance of SAW resonator 1530 is designed to be equal to the 
capacitance of SAW resonator 1500 shown in Fig. 15, the two resonators will 
have approximately equal characteristics. In this case, since the SAW 
resonator 1530 is formed of two resonating units 1532 and 1534 coupled in 
series, each of their capacitances is designed to be twice as much as the 
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capacitance of SAW resonator 1500. For this purpose, the number of pairs of 
IDT electrodes forming resonating units 1532 and 1534 is doubled, namely, 
the number of finger-electrodes of the IDT electrodes is doubled. 

Fig. 17 shows a SAW resonator 1540 that employs a common bus-bar 
5 electrode 1538 shared by two resonating units 1532 and 1534 in SAW 
resonator 1530 shown in Fig. 16, so that connecting electrode 1536, as shown 
in Fig. 16, can be eliminated. 

Further, Japanese Patent Application Non-Examined Publication No. 
H07-74584 discloses a SAW filter which improves the high power durability. 
10 The SAW filter includes at least two SAW resonators, wherein each SAW 
resonator includes a comb electrode for exciting and detecting a SAW and a 
reflector electrode for reflecting the SAW excited by the comb electrode, 
where the comb electrode of at least one of the SAW resonators has a split- 
electrode structure. 

15 Japanese Patent Application Non-Examined Publication No. H08 - 

298433 discloses another SAW filter which improves the high power 
durability. This SAW filter also employs a plurality of SAW resonators. 

A transversal SAW filter, which is not designed to improve the high 
power durability, assigns weights to an input IDT electrode and an output 

20 IDT electrode in order to obtain desirable frequency characteristics. Fig. 18 
shows a basic structure of a transversal SAW filter 1542. Transveral SAW 
filter 1542 is formed of an input IDT electrode 1546 and an output IDT 
electrode 1548, both placed on a piezoelectric substrate 1544. An input signal 
Vs is supplied to input IDT electrode 1546 and is transformed into a SAW for 

25 propagating to output IDT electrode 1548 on the surface of substrate 1544. 
The SAW arrives at output IDT electrode 1548, where the SAW is 
transformed into an electric signal, and then taken out as an output signal 



4 

across a load RL. 

Fig. 19 shows an example of assigning weights to electrodes for 
changing an exciting strength. This example illustrates only a part of input 
IDT electrode 1546, which is formed of a first pattern section 1550, second 
5 pattern sections 1552 and third pattern sections 1554. In the first pattern 
section 1550, respective finger-electrodes overlap with each other. In each 
one of second pattern sections 1552, respective finger-electrodes do not 
overlap with each other, but one dogleg electrode is placed between the 
finger-electrodes such that the dogleg is adjacent to the respective finger- 

10 electrodes. In each one of third pattern sections 1554, the finger-electrodes 
also do not overlap with each other, but two dogleg electrodes are placed 
between the finger-electrodes adjacent to one another. As Fig. 19 shows, the 
three patterns have different lengths of finger-electrodes. The patterns are 
optimally arranged along the SAW propagating direction, thereby obtaining 

15 desirable frequency characteristics. 

Fig. 20 shows an example of assigning weights to electrodes using 
capacitive coupling. This example shows only one input IDT electrode 1556. 
In this case, finger-electrodes 1558 and 1560 of IDT electrode 1556 do not 
overlap with each other but, instead, are placed in a face-to-face manner. A 

20 coupling electrode 1562 placed between finger-electrodes 1558 and 1560 
forms a capacitive coupling section 1564 and a voltage weighted section 1566 
in IDT electrode 1556. The length of coupling electrode 1562 in section 1564 
is adjusted to have a length different from other coupling electrodes 5622, so 
that capacitance CI belongs to a coupling electrode 5621 and capacitance C2 

25 belongs to coupling electrode 5622. On the other hand, each one of the 
capacitances in voltage weighted section 1566 is "Ce". 

The foregoing weighting method using capacitive coupling is employed 
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in the transversal SAW filter. In other words, a size of capacitive coupling is 
changed along the SAW propagating direction, thereby assigning weights. 
Then the weighting is optimized in order to maintain desirable frequency 
characteristics in the transversal SAW filter. These techniques are disclosed 
5 on pages 195 and 208 of the surface-acoustic-wave handbook edited by the 
150th subcommittee of the Science Advancement Council of Japan. 

However, since SAW resonator 1530 shown in Fig. 16 includes 
connecting electrode 1536 and a bus-bar electrode for coupling resonating 
units 1532 and 1534 in series, it is difficult to downsize the SAW resonator. 

10 SAW resonator 1540 shown in Fig. 17 eliminates a coupling electrode, so that 
it can be downsized accordingly. However, the width of common bus-bar 
electrode 1538 shared by resonating units 1532 and 1534 is narrowed, and 
the resistive component due to this narrower width produces negative 
influences on the characteristic of the SAW resonator 1540, e.g., increasing 

15 loss. A greater number of pairs of IDT electrodes, in particular, elongates 
common bus-bar electrode 1538, and the negative influence becomes more 
conspicuous. 

Summary of the Invention 

20 The present invention addresses the problems discussed above, and 

aims to provide a downsized SAW resonator having a smaller loss, the SAW 
resonator being formed of resonating units coupled in series. The present 
invention also aims to provide a SAW filter and an antenna duplexer 
employing the SAW resonator of the present invention. 

25 The SAW resonator of the present invention includes a piezoelectric 

substrate; an interdigital transducer (IDT) electrode formed on the 
piezoelectric substrate," and reflector electrodes adjacent to the IDT electrode. 
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The IDT electrode includes first finger-electrodes; second finger-electrodes; 
and strip-line electrodes. The first finger-electrodes and the second finger- 
electrodes do not overlap with each other, but are coupled acoustically 
together by the strip-line electrodes. 
5 The foregoing structure eliminates the need for a common bus-bar 

electrode because the strip-line electrode couples the finger-electrodes 
together, thereby providing a SAW resonator having a decreased size. As a 
result, the characteristics of the SAW resonator, the SAW filter and the 
antenna duplexer employing the SAW resonator can be improved, and these 
10 devices can be downsized as well. 

Brief Description of the Drawings 
Aspects of illustrative, non-limiting embodiments of the present 
invention will become more apparent by describing in detail embodiments 
15 thereof with reference to the attached drawings, described briefly below. 

Fig. 1 shows a plan view illustrating a structure of a SAW resonator in 
accordance with a first exemplary embodiment of the present invention. 

Fig. 2A shows transmission characteristics of the SAW resonator in the 
first embodiment. 

20 Fig. 2B shows transmission characteristics of a conventional SAW 

resonator. 

Fig. 3 shows a plan view illustrating a structure of a modified SAW 
resonator in accordance with the first embodiment. 

Fig. 4 shows a plan view illustrating a structure of another modified 
25 SAW resonator in accordance with the first embodiment. 

Fig. 5 shows a plan view illustrating a structure of another modified 
SAW resonator in accordance with the first embodiment. 
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Fig. 6 shows a plan view illustrating a structure of a SAW resonator in 
accordance with a second exemplary embodiment of the present invention. 

Fig. 7 shows transmission characteristics of the SAW resonator in the 
second embodiment. 

5 Fig. 8 shows a plan view illustrating a structure of a modified SAW 

resonator in accordance with the second embodiment. 

Fig. 9 shows a plan view illustrating a structure of another modified 
SAW resonator in accordance with the second embodiment. 

Fig. 10 shows a plan view illustrating a structure of a SAW resonator 
10 in accordance with a third exemplary embodiment of the present invention. 

Fig. 11 shows a plan view illustrating a structure of a SAW resonator 
in accordance with a fourth exemplary embodiment of the present invention. 

Fig. 12 shows a plan view illustrating a structure of a modified SAW 
resonator in accordance with the fourth embodiment. 
15 Fig. 13 shows a plan view illustrating a structure of a SAW resonator 

in accordance with a fifth exemplary embodiment of the present invention. 

Fig. 14 shows a plan view illustrating a structure of a SAW resonator 
in accordance with a sixth exemplary embodiment of the present invention. 

Fig. 15 shows a plan view illustrating a structure of a typical 
20 conventional SAW resonator. 

Fig. 16 shows a plan view illustrating a conventional SAW resonator 
having a series coupling. 

Fig. 17 shows a plan view illustrating a SAW resonator having a 
common bus-bar electrode. 
25 Fig. 18 shows a plan view illustrating a conventional transversal SAW 

filter. 

Fig. 19 shows a plan view illustrating an example of assigning weights 
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to exciting strength in the SAW filter shown in Fig. 18. 

Fig. 20 shows a plan view illustrating an example of assigning weights 
to capacitive coupling in the SAW filter shown in Fig. 18. 

5 Detailed Description of the Invention 

The SAW resonator, the SAW filter and the antenna duplexer of the 
present invention are described in detail with reference to the accompanying 
drawings. In the descriptions thereof, elements in the respective 
embodiments having the same reference marks and the descriptions thereof 
10 are sometimes omitted. 

Exemplary Embodiment 1 

Fig. 1 shows a plan view illustrating a structure of the SAW resonator 
in accordance with the first exemplary embodiment of the present invention. 

15 A SAW resonator 10 includes an inter digital transducer (IDT) electrode 13 
formed on a piezoelectric substrate 11; and reflector electrodes 14 and 15 
disposed on both sides of the IDT electrode 13, wherein each of the reflector 
electrodes 14 and 15 is formed of two stages. 

IDT electrode 13 includes a first bus-bar electrode 131; a plurality of 

20 first finger-electrodes 132 coupled to the first bus-bar electrode 131; a second 
bus-bar electrode 133; a plurality of second finger-electrodes 134 coupled to 
second bus-bar electrode 133; and a plurality of strip-line electrodes 135 
shaped like a straight line standing alone. 

Each one of first finger-electrodes 132 and second finger-electrodes 134 

25 is arranged at intervals of wavelength X of the SAW. The first finger- 
electrodes do not overlap the second finger-electrodes, but are arranged alike 
along the SAW propagating direction in a direct face-to-face manner with a 
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given space in between. As shown in Fig. 3, each one of strip-line electrodes 
135 is disposed such that it is spaced apart by X/2 from the centers of 
respective first finger-electrodes 132 and second finger-electrodes 134. In 
addition, each of the strip-line electrodes 135 is disposed so as to overlap 
5 respective first finger-electrodes 132 and second finger-electrodes 134 
wherein an overlap length of the strip-line electrodes 135 to respective first 
and second finger-electrodes is the same. Further, strip-line electrodes 135 
are uniformly arranged along the propagating direction of the SAW resonator 
10. 

10 The reflector electrode 14 includes a plurality of strip -line electrodes 

142 shorted by common reflector electrodes 141 and 143; and a plurality of 
strip-line electrodes 144 shorted by common reflector electrodes 143 and 145. 

Reflector electrode 15 has a similar structure to electrode 14. In 
particular, the reflector electrode 15 includes a plurality of strip-line 

15 electrodes 152 shorted by common reflector electrodes 151 and 153; and a 
plurality of strip-line electrodes 154 shorted by common reflector electrodes 
153 and 155. As shown in Fig. 1, reflector electrodes 14 and 15 are shaped 
alike. First bus-bar electrode 131 is coupled to a first terminal 16, and 
second bus-bar electrode 133 is coupled to a second terminal 17. 

20 The structure discussed above allows a first section 20 to work as a 

first resonating unit having the characteristics of a SAW resonator, and also 
allows a second section 22 to work as a second resonating unit having the 
characteristics of the SAW resonator. Since these two sections are coupled 
acoustically together by strip-fine electrodes 135, this structure is equivalent 

25 to two resonating units coupled in series. 

In other words, first finger-electrodes 132 and strip-line electrodes 135 
in the IDT electrode 13 form an IDT electrode pattern, and reflector 
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electrodes 14 and 15 disposed on both sides of this pattern are formed so as to 
correspond to the pattern of the IDT electrode 13. Accordingly, the first 
section 20 forms a first resonating unit. 

Similarly, second finger-electrodes 134 and strip-line electrodes in IDT 
5 electrode 13 form an IDT electrode pattern, and reflector electrodes 14 and 15 
disposed on both sides of this pattern are formed so as to correspond to the 
pattern. Accordingly, the second section 22 forms a second resonating unit. 
Strip-line electrodes 135 are shared by first section 20 and second section 22, 
so that both of the sections are coupled together acoustically. Therefore, the 

10 first resonating unit and the second resonating unit are equivalently coupled 
in series. These resonating units have the characteristics of a SAW resonator. 

In SAW resonator 10, the resonating unit of first section 20 and that of 
the second section 22 are coupled in series equivalently without using a 
common bus-bar electrode. As a result, a lower loss can be expected, and the 

15 resonator can be downsized proportionately due to the elimination of the 
common bus-bar electrode. 

Fig. 2A shows the characteristics of a transmission from first terminal 
16 to second terminal 17 of SAW resonator 10. Fig. 2B shows the 
transmission characteristics of the conventional SAW resonator 1540 shown 

20 in Fig. 17. 

In the first exemplary embodiment, the space between each first 
finger-electrode 132 and each second finger-electrode 134 is set at 3 ju m (i.e., 
3^/4). In conventional SAW resonator 1540, the common bus-bar electrode 
has a width of 10 m m. Further, SAW resonator 10 of the first exemplary 
25 embodiment and conventional SAW resonator 1540 have the same 
parameters such as the number of pairs of finger-electrodes and the overlap 
length. 
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A comparison of Fig. 2A with Fig. 2B shows that a minimum loss of 
SAW resonator 10 is 0.3dB and that of conventional SAW resonator 1540 is 
0.4dB, so that the SAW resonator 10 in accordance with the first exemplary 
embodiment can reduce the loss by O.ldB. As Fig. 2B shows, conventional 
5 SAW resonator 1540 produces a ripple 201 around the pass-band. This ripple 
is caused by the resistive component of the common bus-bar electrode and the 
discontinued section between the two resonating units. On the other hand, 
Fig. 2A shows no such ripple. In Fig. 2A and Fig. 2B, the X-axis represents a 
frequency, and the Y-axis represents an attenuation amount. 

10 As discussed above, although SAW resonator 10 in accordance with the 

first exemplary embodiment includes first finger-electrodes 132 and second- 
finger electrodes 134 that do not overlap with each other, a plurality of strip- 
line electrodes 135 can couple them acoustically, thereby providing excellent 
transmission characteristics. In other words, in the SAW resonator in 

15 accordance with the first exemplary embodiment, although the resonating 
units are coupled in series, an amount of loss can be suppressed. As a result, 
a SAW resonator having low loss and excellent high power durability is 
obtained. 

Fig. 3 shows a plan view illustrating a modified SAW resonator 25 in 
20 accordance with the first embodiment. As shown in Fig. 3, modified SAW 
resonator 25 includes reflector electrodes 23 and 24 having a different 
structure than reflector electrodes 14 and 15, respectively. In particular, 
reflector electrode 23 on the left side of the SAW resonator 25 is formed of a 
plurality of strip-line electrodes 232 electrically shorted by common reflector 
25 electrodes 231 and 233. Reflector electrode 24 on the right side of the SAW 
resonator 25 is formed of a plurality of strip-fine electrodes 242 electrically 
shorted by common reflector electrodes 241 and 243. As such, there is no 
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common reflector electrode at the center of the reflector electrodes 23 and 24, 
which differs from SAW resonator 10. The two reflector electrodes 23 and 24 
are shaped alike. The structure shown in Fig. 3 still allows first section 20 to 
work as the first resonating unit and second section 22 to work as the second 
5 resonating unit, the first and second resonating units having the 
characteristics of the SAW resonator. 

Fig. 4 shows a plan view of another modified SAW resonator 30 in 
accordance with the first embodiment. As Fig. 4 shows, modified SAW 
resonator 30 includes reflector electrodes 25 and 26 having a different 

10 structure than reflector electrodes shown in Figs. 1 and 3. In particular, the 
reflector electrode 25 on the left side of the SAW resonator 30 has a common 
reflector electrode 252 at its center. The first ends of strip-line electrodes 
251 and 253 are coupled to the common reflector electrode 252, and the 
second ends thereof are open. The reflector electrode 26 on the right side of 

15 SAW resonator 30 has a common reflector electrode 262 at its center. The 
first ends of strip-line electrodes 261 and 263 are coupled to common 
reflector electrode 262, and the second ends thereof are open. As such, the 
common reflector electrodes 252 and 262 are prepared only at the center of 
the reflector electrodes 25 and 26, which differs from SAW resonator 10. The 

20 two reflector electrodes 25 and 26 are shaped alike. The structure shown in 
Fig. 4 still allows first section 20 to work as the first resonating unit and 
second section 22 to work as the second resonating unit, the first and second 
resonating units having the characteristics of a SAW resonator. 

Fig. 5 shows a plan view of still another modified SAW resonator 35 in 

25 accordance with the first embodiment. This modified SAW resonator 35 has a 
different structure in IDT electrode 32 than that of SAW resonator 10. In 
particular, IDT electrode 32 of SAW resonator 35 includes first finger- 
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electrodes 322 and first dummy electrodes 323 coupled to a first bus-bar 
electrode 321; second finger-electrodes 325 and second dummy electrodes 326 
coupled to a second bus-bar electrode 324; and strip-line electrodes 327. 
SAW resonator 35 has reflector electrodes 14 and 15 which are the same as 
5 those of SAW resonator 10. 

As shown in Fig. 5, first dummy electrodes 323 and second dummy 
electrodes 326 are formed at a space which is generated by shortening strip- 
line electrodes 327. First dummy electrodes 323 are disposed between 
respective first finger-electrodes 322 and coupled to a first bus-bar electrode 
10 321. Second dummy electrodes 326 are disposed between respective second 
finger-electrodes 325 and coupled to a second bus-bar electrode 324. 

Assume that first dummy electrodes 323 and second dummy electrodes 

326 have a length of "Wd", and if Wd ^ 0.5 X(X = wavelength of the SAW), 
the leakage of the SAW to respective bus-bar electrodes 321 and 324 can be 

15 reduced effectively. Assume that a space G is formed between first dummy 
electrodes 323 and strip-line electrodes 327, and space G is also formed 
between second dummy electrodes 326 and the strip-line electrodes 327. If G 
^ 0.25 X ( X - wavelength of the SAW), the leakage of the SAW to respective 
bus-bar electrodes 321 and 324 can also be reduced effectively. Assume that 

20 first dummy electrodes 323 and the second dummy electrodes 326 have a 
width of "Bd", and first finger-electrodes 322 and second finger-electrodes 325 
have a width of "Bf', and if Bd > Bf, the leakage of the SAW to respective bus- 
bar electrodes 321 and 324 can be further reduced. 

The length of "Wd" is preferably set at a value greater than 0.5 X . 

25 However, its upper limit is determined by the length of strip-line electrodes 

327 and the space G, which cannot be more than 0.25 X . The lower limit of 
"Wd" can be a clearance accepting a photolithography-process or etching- 
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process. The overlap length of strip-line electrodes 327 with first finger- 
electrodes 322 and second finger-electrodes 325 is designed optimally by 
using impedance and the like. 

Width "Bd" of the first dummy electrodes 323 and second dummy 
5 electrodes 326 should be determined so as not to touch the adjacent first 
finger-electrodes 322 and second finger-electrodes 325. 

Although this modified SAW resonator 35 has resonating units coupled 
in series, the loss can be suppressed, so that a SAW resonator having low loss 
and excellent high power durability is obtained. Further, the leakage of the 
10 SAW to the bus-bar electrodes can be reduced. 

The structure of the reflector electrodes in accordance with the first 
embodiment is not limited to what is discussed above. Any structure that can 
confine the SAW therein is acceptable. 

In the foregoing SAW resonators, the resonating units in the first and 
15 the second sections have the same overlap length of the respective finger- 
electrodes with the respective strip-fine electrodes. However, the present 
invention is not limited to this structure. The capacitance can be adjusted by 
changing the respective overlap lengths. 

The first resonating unit can have a different resonance frequency 
20 from that of the second resonating unit as long as they are acoustically 
coupled together by the strip-line electrodes. 

In the first exemplary embodiment, a space of 3 jjl m (31 /4) is formed 
between the first finger-electrodes and the second finger-electrodes in order 
to measure the characteristics shown in Fig. 2A. However, the present 
25 invention is not limited to this structure, and the space can be an optimum 
value according to a desired design. 

In the first exemplary embodiment, every first finger-electrode and 
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every second finger-electrode forming the IDT electrode are acoustically 
coupled together by the strip-line electrodes. However, the present invention 
is not limited to this structure. For example, parts of the sections can be 
coupled acoustically, or the IDT electrode used in the conventional SAW 
resonator shown in Fig. 15 can be included. 

As discussed above, the SAW resonator of the present invention 
includes two resonating units coupled together acoustically by the strip -line 
electrodes, and the resonating units are coupled in series. This structure 
reduces the loss and allows downsizing of the resonator. As a result, a SAW 
resonator having excellent transmission characteristics is obtained. 

Exemplary Embodiment 2 

Fig. 6 shows a plan view illustrating a structure of a SAW resonator 40 
in accordance with the second exemplary embodiment of the present 
invention. The IDT electrode 42 of SAW resonator 40 includes a first bus-bar 
electrode 421; a plurality of first finger-electrodes 422 coupled to the first bus- 
bar electrode 421; a second bus-bar electrode 423; a plurality of second finger- 
electrodes 424 coupled to the second bus-bar electrode 423; and a plurality of 
strip-line electrodes 425 standing alone. First finger-electrodes 422 and 
second finger-electrodes 424 are placed apart from each other by a half 
wavelength (X/2) of the SAW wavelength (X). Strip-line electrodes 425 are 
placed with a deviation of X 12 from the respective centers of the first finger- 
electrodes 422 and second finger-electrodes 424, and are shaped like a dogleg. 

In the SAW resonator 10 of the first embodiment, first finger-electrodes 
132 and second finger-electrodes 134 are arranged alike so as to directly face 
each other with respect to the propagating direction of the SAW at intervals 
of the SAW wavelength X . The strip -line electrodes 135 are shaped like a 
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straight line. On the other hand, in SAW resonator 40 of the second 
embodiment, respective finger-electrodes 422 are arranged at intervals of the 
SAW wavelength X , and first finger-electrodes 422 are placed with a 
deviation of X/2 from second finger-electrodes 424 with respect to the 
5 propagating direction of the SAW. Further, the strip-line electrodes 425 are 
placed such that they deviate by X /2 from the respective centers of first 
finger-electrodes 422 and second finger-electrodes 424 and overlap respective 
finger-electrodes. Strip-line electrodes 425 are bent at right angles at a 
center of the IDT electrode 42, i.e., they are shaped like a dogleg. As shown 

10 in Fig. 6, the respective electrodes overlap with each other in the same 
overlap length and are placed uniformly along the propagating direction. 
Other structural points remain unchanged from SAW resonator 10 of the first 
embodiment, and thus the descriptions thereof are omitted. 

The foregoing structure allows first section 20 to function as a first 

15 resonating unit and second section 22 to function as a second resonating unit. 
These resonating units have the characteristics of a SAW resonator. The first 
and the second resonating units are acoustically coupled together by strip- 
line electrodes 425, so that the two resonating units are equivalently coupled 
in series. 

20 SAW resonator 40 in accordance with the second embodiment does not 

need the common bus-bar electrode, which is included in conventional SAW 
resonator 1540, and yet, the resonating units in first section 20 and second 
section 22 are equivalently coupled in series. As a result, the loss can be 
reduced and the resonator can be downsized. 

25 Fig. 7 shows the characteristics of transmission from a first terminal 

16 to second terminal 17 of SAW resonator 40. Although in SAW resonator 
40, first finger-electrodes 422 and second finger-electrodes 424 do not overlap 
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with each other, they can be acoustically coupled together, thereby obtaining 
excellent transmission characteristics. In Fig. 7, the X-axis represents a 
frequency and the Y-axis represents an amount of attenuation. 

Fig. 8 shows a plan view illustrating a structure of a modified SAW 
5 resonator 45 in accordance with the second embodiment. Modified SAW 
resonator 45 has reflector electrodes 23 and 24 having a different structure 
from those of SAW resonator 40, but having the same structure as those of 
modified SAW resonator 25 in accordance with the first embodiment. This 
structure allows the SAW resonator 45 to produce characteristics similar to 

10 the characteristics discussed previously. 

Fig. 9 shows a plan view illustrating a structure of a modified SAW 
resonator 50 in accordance with the second embodiment. Modified SAW 
resonator 50 also has reflector electrodes 25 and 26 different from those of 
SAW resonator 40, but the same as those of modified SAW resonator 30 in 

15 accordance with the first embodiment. This structure allows SAW resonator 
50 to produce characteristics similar to the characteristics discussed 
previously. 

The structure of the reflector electrode of the SAW resonator in 
accordance with the second embodiment is not limited to the foregoing 
20 structures. Any structure that can confine the SAW therein is acceptable. 

In the second embodiment, first finger-electrodes 422 and second 
finger-electrodes 424 face each other with a deviation of X 12 from each other 
along the propagating direction. However, the present invention is not 
limited to this structure. For example, the deviation can be X /4, or another 
25 structure is acceptable as long as they are coupled together acoustically by 
the strip-fine electrodes. 

In SAW resonators 40, 45, and 50 discussed above, the resonating unit 
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in first section 20 and that in second section 22 have the same overlap length 
of finger-electrodes 422 and finger-electrodes 424 with respective strip-line 
electrodes 425. However, the present invention is not limited to this 
structure. The capacitance can be adjusted by changing the respective 
5 overlap lengths. 

The first resonating unit can have a different resonance frequency 
from that of the second resonating unit as long as they are acoustically 
coupled by the strip-fine electrodes. 

In this embodiment, every first finger-electrode 422 and every second 
10 finger-electrode 424 forming the IDT electrode are acoustically coupled to 
each other by the strip-fine electrodes. However, the present invention is not 
limited to this structure. For example, parts of the sections can be coupled 
acoustically, or the IDT electrode used in the conventional SAW resonator 
1500 can be included. 
15 In the second embodiment, as described in the first embodiment, 

dummy electrodes can be used. 

As discussed above, the SAW resonator of the present invention 
includes two resonating units coupled together acoustically by the strip -line 
electrodes, and the resonating units are coupled in series. This structure 
20 allows a reduction in loss and downsizing of the SAW resonator. As a result, 
a SAW resonator having excellent transmission characteristics is obtained. 

Exemplary Embodiment 3 

Fig. 10 shows a plan view illustrating a SAW resonator 60 in 
25 accordance with the third exemplary embodiment of the present invention. 
The SAW resonator 60 includes an IDT electrode 62; and reflector electrodes 
63 and 64 disposed on both sides of IDT electrode 62. 
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The IDT electrode 62 includes a first bus-bar electrode 621; a plurality 
of first finger-electrodes 622 coupled to first busrbar electrode 621; a second 
bus-bar electrode 623; a plurality of second finger-electrodes 624 coupled to 
second bus-bar electrode 623; a plurality of first strip-line electrodes 625 
5 shaped like a straight line standing alone; and a plurality of second strip-line 
electrodes 626 shaped like a straight line standing alone. 

First finger-electrodes 622 and second finger-electrodes 624 are 
respectively arranged at intervals of a SAW wavelength X . These two 
electrodes do not overlap with each other, and yet, they deviate by X 12 from 

10 each other along the propagating direction in a face-to-face manner with a 
given space in-between. First strip-line electrodes 625 and second strip-line 
electrodes 626 are placed with a deviation of X 12 from the respective centers 
of first finger-electrodes 622 and second finger-electrodes 624. As Fig. 10 
shows, the first strip-line electrodes 625 and second finger-electrodes 624 are 

15 arranged alike along the SAW propagating direction in a face-to-face manner. 
Second strip-line electrodes 626 and first finger-electrodes 622 are arranged 
alike along the SAW propagating direction in a face-to-face manner. 

The foregoing configuration forms the following structure- first finger- 
electrodes 622 and first strip-fine electrodes 625 overlap with each other, the 

20 second strip-fine electrodes 626 and the second finger-electrodes 624 overlap 
with each other, and first strip-fine electrodes 625 and second strip -line 
electrodes 626 overlap with each other. Meanwhile, first strip-line electrodes 
625 and second strip-line electrodes 626 overlap with each other in a given 
length between first finger-electrodes 622 and second finger-electrodes 624. 

25 These electrodes overlap each other with the same overlap length, and are 
arranged uniformly along the SAW propagating direction. 

Reflector electrodes 63 and 64 are shaped so as to correspond to the 
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structure of IDT electrode 62. In particular, reflector electrode 63 on the left 
side is formed of four common reflector-electrodes 631, 633, 635 and 637 and 
plural strip-line electrodes 632, 634 and 636 are electrically coupled to these 
four electrodes. The reflector electrode 64 on the right side is formed, in the 
5 same manner, of four common reflector-electrodes 641, 643, 645 and 647 and 
plural strip-line electrodes 642, 644 and 646 are electrically coupled to these 
four electrodes. 

The foregoing structure allows a first section 65, a second section 66, 
and a third section 67, where first strip -fine electrodes 625 and second strip - 
10 line electrodes 626 overlap with each other, to work respectively as a first 
resonating unit, a second resonating unit, and a third resonating unit, all of 
which have the characteristics of the SAW resonator. 

The resonating unit in first section 65 and that in the third section 67 
are acoustically coupled together by first strip-line electrode 625. Further, 
15 the resonating unit in third section 67 and that in second section 66 are 
acoustically coupled together by second strip-line electrode 626. Thus, the 
three resonating units are equivalently coupled in series. 

As a result, the resonating unit in first section 65, that in third section 
67 and that in second section 66 are equivalently coupled in series without 
20 using a common bus-bar electrode. Thus, the transmission characteristics 
are not lowered due to the resisting component of the common bus-bar 
electrode, the loss can be reduced, and the SAW resonator can be downsized. 

The present invention is not limited to the structure of reflector 
electrodes 63 and 64 of the third embodiment. For instance, the reflector 
25 electrodes can have the same structure as those in the first or the second 
embodiment, and any structure that can confine the SAW therein is 
acceptable. 
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In this embodiment, the three resonating units are coupled in series. 
However, the present invention is not limited to this structure. For example, 
as the number of stages of the strip-line electrodes increases, more resonating 
units can be coupled, so that an advantage similar to that of the SAW 
5 resonator in accordance with the third embodiment is obtainable. The three 
resonating units in this embodiment have the same overlap length. However, 
the capacitance can be adjusted by changing the respective overlap lengths. 

The three resonating units can have different resonance frequencies 
from each other as long as they are coupled with each other by the strip-line 
10 electrodes. 

In this embodiment, every first finger-electrode 622 and every second 
finger-electrode 624 forming IDT electrode 62 are acoustically coupled 
together by the strip-line electrodes. However, the present invention is not 
limited to this structure. For example, parts of the sections can be coupled 

15 acoustically, or the IDT electrode used in the conventional SAW resonator 
1500 can be included. 

As discussed above, the SAW resonator in accordance with the third 
embodiment takes advantage of the acoustic coupling between the first strip- 
line electrodes and the second strip-line electrodes, thereby constructing 

20 resonating units and coupling those units in series. As a result, a further 
downsized SAW resonator having excellent characteristics with a smaller loss 
is obtainable. 

Exemplary Embodiment 4 
25 Fig. 11 shows a plan view illustrating a structure of a SAW resonator 

70 in accordance with the fourth exemplary embodiment of the present 
invention. SAW resonator 70 has a different IDT electrode from that of SAW 
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resonator 60 of the third embodiment. In particular, IDT electrode 72 of the 
SAW resonator 70 of the fourth embodiment includes a first bus-bar electrode 
721; a plurality of first finger-electrodes 722 coupled to first bus-bar electrode 
721; a second bus-bar electrode 723; a plurality of second finger-electrodes 
5 724 coupled to second bus-bar electrode 723; a plurality of first strip-fine 
electrodes 725 shaped like doglegs; and a plurality of second strip-line 
electrodes 726 shaped like doglegs and placed at different positions than first 
strip-line electrodes 725. 

First finger-electrodes 722 and second finger-electrodes 724 are 
10 respectively arranged at intervals of SAW wavelength X . These electrodes 

724 do not overlap with each other respectively, and yet, they deviate by X 12 
from each other along the propagating direction in a face-to-face manner with 
a given space in-between. First strip-fine electrodes 725 and second strip-fine 
electrodes 726, each one shaped like a dogleg, are placed with a deviation of 

15 X 12 from the respective centers of first finger-electrodes 722 and the second 
finger-electrodes 724. 

As Fig. 11 shows, the first strip-fine electrodes 725 and first finger- 
electrodes 722 overlap with each other, and first strip-line electrodes 725 
bend at right angles, so that they overlap with second strip-line electrodes 

20 726. Second strip-line electrodes 726 overlap the second finger-electrodes 
724, and bend at right angles, so that they overlap with first strip -fine 
electrodes 725 as discussed above. In other words, first strip-fine electrodes 

725 and second strip-fine electrodes 726 overlap with each other in a given 
length between first finger-electrodes 722 and second finger-electrodes 724. 

25 The respective overlap lengths are the same, and these electrodes are 
arranged uniformly along the SAW propagating direction. 

Reflector electrodes 63 and 64 remain unchanged from those of the 
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SAW resonator 60 of the third embodiment, and the description thereof is 
thus omitted. 

The resonating unit in first section 65 and that in third section 67 are 
acoustically coupled together by first strip-line electrodes 725. Further, the 
5 resonating unit in third section 67 and that in second section 66 are 
acoustically coupled by second strip-line electrodes 726. Thus, the three 
resonating units are equivalently coupled in series. 

The foregoing structure allows first section 65 to work as a first 
resonating unit, and second section 66 to work as a second resonating unit. 

10 The foregoing structure also allows a certain area of third section 67, in 
which area first strip-line electrodes 725 and second strip-line electrodes 726 
overlap with each other, to work as a third resonating unit. These resonating 
units are acoustically coupled by first strip-line electrodes 725 and the 
second strip-line electrodes 726, so that they are equivalent to the three 

15 resonating units coupled in series. The resonating unit in first section 65, 
that in third section 67, and that in second section 66 are equivalently 
coupled in series without using a common bus-bar electrode. As a result, a 
further downsized SAW resonator with lower loss is obtainable. 

The present invention is not limited to the structure of the reflector 

20 electrodes 63 and 64 of the third embodiment. For instance, the reflector 
electrodes can have the same structure as those in the first or the second 
embodiment, and any structure that can confine a SAW therein is acceptable. 

In this embodiment, the three resonating units are coupled in series. 
However, the present invention is not limited to this structure. For example, 

25 as the number of stages of the strip-line electrodes increases, more resonating 
units can be coupled, so that an advantage similar to that of the SAW 
resonator in accordance with the third embodiment is obtainable. The three 
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resonating units in this embodiment have the same overlap length. However, 
the capacitance can be adjusted by changing the respective overlap lengths. 

The three resonating units can have different resonance frequencies 
from each other as long as they are acoustically coupled with each other by 
5 the strip-line electrodes. 

In this embodiment, the respective resonating units in the first section 
65, second section 66 and third section 67 are coupled in series, i.e., three 
stages are coupled in series. However, the present invention is not limited to 
the structure of three stages. The number of stages of series coupling can be 
10 increased, and for this purpose, the number of stages of strip-line electrodes 
can be increased. 

For instance, the strip-line electrodes include electrodes ranging from a 
plurality of the first strip-line electrodes to a plurality of the "N"th strip-line 
electrodes (N is an integer not less than 2). Parts of the first strip-line 

15 electrodes are placed such that they overlap with the first finger-electrodes at 
a position deviated by X/2 from the center of the first finger-electrodes. 
Parts of the "N"th strip-line electrodes are placed such that they overlap with 
the second finger-electrodes at a position deviated by X 12 from the center of 
the second finger-electrodes. Further, the following strip-line electrodes are 

20 placed such that they have an area where they overlap with each other in a 
given length- an extension of the first strip-line electrodes, the second strip- 
line electrodes, "m"th strip-line electrodes, "m+l"th strip-fine electrodes ("m" 
is an integer not less than 2, and not more than N - 2), "N - l"th strip-line 
electrodes and an extension of the "N"th strip-line electrodes. 

25 The foregoing structure allows the respective areas, such as an area 

where the first finger-electrodes and the first strip-line electrodes overlap 
with each other, and areas where the second finger-electrodes and the "N"th 



25 

strip-line electrodes overlap with each other, and areas where "m"th strip-line 
electrodes and "m+l"th strip-line electrodes overlap with each other in a 
given length, to work as resonating units respectively. Thus, a SAW 
resonator, in which electrodes ranging from the first resonating unit to the 
"N+l"th resonating unit are coupled in series by electrodes ranging from the 
first strip -line electrodes to the "N"th strip -line electrodes, is obtainable. 

The structure discussed above allows the SAW resonator to be divided 
by increasing the number of stages of resonating units, so that this structure 
is useful for an antenna duplexer which needs high power durability. 

In the fourth embodiment, first finger-electrodes 722 are deviated by 
X 12 from second finger-electrodes 724 along the SAW propagating direction, 
and these two electrodes 722 and 724 are arranged in a face-to-face manner. 
The present invention is not limited to this structure. For example, the 
deviation can be X/4 instead of 1/2, and any structure that is acoustically 
coupled by the strip -line electrode is acceptable. 

Fig. 12 shows a plan view illustrating a modified SAW resonator 75 in 
accordance with the fourth embodiment. Modified SAW resonator 75 has a 
different IDT electrode 74 from that of SAW resonator 70. In particular, IDT 
electrode 74 of SAW resonator 75 includes a first bus-bar electrode 741; a 
plurality of first finger-electrodes 742 coupled to first bus-bar electrode 741; a 
second bus-bar electrode 743; a plurality of second finger-electrodes 744 
coupled to second bus-bar electrode 743; a plurality of first strip-line 
electrodes 745 shaped like doglegs; and a plurality of second strip-line 
electrodes 746 shaped like a straight- line. 

First finger-electrodes 742 and second finger-electrodes 744 are 
respectively arranged at intervals of a SAW wavelength X . These two kinds 
of electrodes do not overlap with each other respectively, and yet, they are 
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arranged alike along the SAW propagating direction in a direct face-to-face 
manner. First strip-line electrodes 745 and first finger-electrodes 742 overlap 
with each other with a deviation of XI2 from each other along the SAW 
propagating direction. First strip-fine electrodes 745 are bent at an 
5 intermediate position at right angles, so that they overlap with second strip - 
line electrodes 746. Second strip-line electrodes 746 are shaped like a 
straight line, and placed with a deviation of X/2 with respect to second 
finger-electrodes 744 along the SAW propagating direction. Second strip -line 
electrodes 746 and first strip-line electrodes 745 overlap with each other at a 
10 center section. This structure produces characteristics similar to the 
characteristic discussed previously. 

The three resonating units in this embodiment have the same overlap 
length. However, the capacitance can be adjusted by changing the respective 
overlap lengths. 

15 The three resonating units can have different resonance frequencies 

from each other as long as they are acoustically coupled with each other by 
the strip-line electrodes. 

In this embodiment, every first finger-electrode 742 and every second 
finger-electrode 744 forming IDT electrode 74 are acoustically coupled 

20 together by the strip-line electrodes. However, the present invention is not 
limited to this structure. For example, parts of the sections can be coupled 
acoustically, or the IDT electrode used in the conventional SAW resonator 
1500 can be included. 

As discussed above, the SAW resonator in accordance with the fourth 

25 embodiment takes advantage of the acoustic coupling between first strip-fine 
electrodes and the second strip-fine electrodes. As a result, a further 
downsized SAW resonator having excellent characteristics with lower loss is 
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obtainable. Since no common bus-bar electrodes are disposed between the 
respective resonating units, no leakage of the SAW to the bus-bar electrodes 
is found. 

5 Exemplary Embodiment 5 

Fig. 13 shows a plan view illustrating a structure of a SAW filter 80 in 
accordance with the fifth exemplary embodiment. SAW filter 80 is formed of 
two SAW resonators 10 of the first embodiment, and resonators 10 in the fifth 
embodiment are shaped like the letter L. 

10 SAW filter 80 includes a first SAW resonator 82 and a second SAW 

resonator 84, both being formed on piezoelectric substrate 11. First SAW 
resonator 82 is coupled between a first terminal 86 and a second terminal 88 
in series, and second SAW resonator 84 is coupled between second terminal 
86 and a ground terminal 89. SAW resonators 82 and 84 have the same 

15 structure as SAW resonator 10 in accordance with the first embodiment. 
However, the resonance frequency of first SAW resonator 82 is higher than 
that of second SAW resonator 84. 

The foregoing structure forms SAW filter 80. First SAW resonator 82 
and second SAW resonator 84 are not equipped with a common bus-bar 

20 electrode, so that no resistance loss due to the common bus -bar is found. As a 
result, this structure can reduce the loss of SAW filter 80, so that a SAW filter 
having excellent high power durability and characteristics is obtainable. 

In this embodiment, the SAW filter is formed of the two SAW 
resonators shaped like the letter L. However, the present invention is not 

25 limited to this structure. The SAW resonators used in this embodiment can 
be those described in the first embodiment through the fourth embodiment as 
long as they have a structure acoustically coupled by a strip-line electrode. 
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Among a plurality of SAW resonators, at least one of them can be in 
accordance with the one described in one of the previous four embodiments. 
Further, the SAW resonator of the present invention can be combined with a 
SAW filter of a vertical mode. 
5 The SAW resonator of the present invention can be applied to an 

antenna duplexer. In this case, an impedance in an attenuation band, i.e., a 
reflection coefficient of the reflection characteristics, can be increased. As a 
result, the loss of the antenna duplexer can be reduced and a sophisticated 
performance of the antenna duplexer can be expected. 

10 As discussed above, in the fifth embodiment, two SAW resonators, each 

one of them being formed of resonating units acoustically coupled together by 
strip-line electrodes, are shaped like the letter L, thereby forming a SAW 
filter or an antenna duplexer. This structure provides a reduction in the loss. 
The SAW resonators do not need common bus-bar electrodes between the 

15 respective resonating units, so that the leakage of the SAW to the common 
bus-bar electrodes can be reduced. 

In this embodiment, the SAW resonator shown in Fig. 1 is used. 
However, the SAW filter or the antenna duplexer of the present invention is 
not limited to this structure. A variety of SAW resonators described in the 

20 first embodiment through the fourth embodiment can be used, or they can be 
combined. 

Exemplary Embodiment 6 

Fig. 14 shows a plan view illustrating a structure of a SAW filter 90 in 
25 accordance with the sixth exemplary embodiment of the present invention. 
SAW filter 90 includes a piezoelectric substrate 11 on which the following 
elements are formed: a first IDT electrode 92; a second IDT electrode 93; a 
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third IDT electrode 94; reflector electrodes 95 and 96 disposed outside of the 
foregoing IDT electrodes. On either side of first IDT electrode 92 is placed 
second IDT electrode 93 and third IDT electrode 94, respectively. Reflector 
electrodes 95 and 96 are disposed outside of IDT electrodes 93 and 94, 
5 respectively. 

First IDT electrode 92 includes a first bus-bar electrode 921; first 
finger-electrodes 922 coupled to first bus-bar electrode 921; a second bus-bar 
electrode 923; second finger-electrodes 924 coupled to second bus-bar 
electrode 923; and strip-line electrodes 925 overlapping with first finger- 
10 electrodes 922 and second finger-electrodes 924 respectively. 

Second IDT electrode 93 includes a first bus-bar electrode 931; first 
finger-electrodes 932 coupled to the first bus-bar electrode 931; a second bus- 
bar electrode 933; second finger-electrodes 934 coupled to second bus-bar 
electrode 933; third finger-electrodes 935 coupled to the second bus-bar 
15 electrode 933; a third-bus-bar electrode 936; and fourth finger-electrodes 937 
coupled to third bus-bar electrode 936. 

Third IDT electrode 94 includes a first bus-bar electrode 941; first 
finger-electrodes 942 coupled to first bus-bar electrode 941; a second bus-bar 
electrode 943; second finger-electrodes 944 coupled to second bus-bar 
20 electrode 943; third finger-electrodes 945 coupled to second bus-bar electrode 
943; a third-bus-bar electrode 946; and fourth finger-electrodes 947 coupled to 
third bus-bar electrode 946. 

Reflector electrode 95 on the left side includes common reflector 
electrodes 951, 953 and 955; and strip-line electrodes 952 and 954 coupled to 
25 the electrodes 951, 953 and 955 respectively. 

Reflector electrode 96 on the right side includes common reflector 
electrodes 961, 963 and 965; and strip-line electrodes 962 and 964 coupled to 
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the electrodes 961, 963 and 965, respectively. 

First and third bus-bar electrodes 931 and 936 of second IDT electrode 
93, first and third bus-bar electrodes 941 and 946 of third IDT electrode 94, 
and first bus-bar electrode 921 of first IDT electrode 92 are respectively 
5 coupled to a grounding terminal 99. 

Second bus-bar electrode 933 of second IDT electrode 93 is coupled to 
second bus-bar electrode 943 of third IDT electrode 94 by connecting a wire 
electrode 100, which is coupled to a first terminal 16. On the other hand, 
second bus-bar electrode 923 of first IDT electrode 92 is coupled to second 
10 terminal 17. 

In other words, first IDT electrode 92 includes first finger-electrodes 
922 and second finger-electrodes 924 coupled together by strip-line electrodes 
925. Second electrode 93 and third IDT electrode 94 respectively include two 
IDT electrode patterns coupled in parallel. In this structure, the respective 

15 finger-electrodes are placed at such positions that SAWs do not cancel each 
other, so that SAW filter 90 works as a vertically coupled filter. 

First IDT electrode 92 is equivalently coupled in series, and second 
IDT electrode 93 is coupled in parallel. Thus, adjustments of the number of 
finger-electrodes and the overlap lengths allow impedance conversion. Since 

20 first IDT electrode 92 has the same structure as the first embodiment, i.e. 
coupling by strip-line electrodes 925, a common bus-bar electrode is not 
needed. Thus, loss due to resistance of the common bus -bar electrode can be 
reduced. 

In the sixth embodiment, the first IDT electrode includes first finger- 
25 electrodes and second finger-electrodes coupled together by strip-fine 
electrodes. However, the first IDT electrode is not limited to this structure. 
For instance, dummy electrodes can be prepared as in the first embodiment, 



31 

or the resonating units described in the first embodiment through the fourth 
embodiment can be used. 

In this embodiment, SAW filter 90 having three IDT electrodes is 
described. However, the present invention is not limited to this structure, 
5 and the number of IDT electrodes can be further increased. The sixth 
embodiment refers to a SAW filter but the structure discussed here is 
applicable to an antenna duplexer as well. The antenna duplexer according to 
the present invention may include a plurality of SAW filters unitarily formed 
and having different characteristics in a pass band and a rejection band. 

10 The previous description of embodiments is provided to enable a 

person skilled in the art to make and use the present invention. Moreover, 
various modifications to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles and specific examples defined 
herein may be applied to other embodiments without the use of inventive 

15 faculty. Therefore, the present invention is not intended to be limited to the 
embodiments described herein but is to be accorded the widest scope as 
defined by the limitations of the claims and equivalents. 
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